We present a systematic study of late Paleocene macrofauna from methane seep carbonates and associated driftwood in the shallow marine Basilika Formation, Spitsbergen, Svalbard. The fauna is composed of 22 taxa, comprising one brachiopod, 14 bivalves, three gastropods, three crustaceans, and one bony fish. The reported fish remains are among the first vertebrate body fossils from the Paleogene of Spitsbergen. One genus is new: the munidid decapod Valamunida Klompmaker and Robins gen. nov. Four new species are described: the terebratulide brachiopod Neoliothyrina nakremi Bitner sp. nov., the protobranch bivalve Yoldiella spitsbergensis Amano sp. nov., the xylophagain bivalve Xylophagella littlei Hryniewicz sp. nov., and the munidid decapod Valamunida haeggi Klompmaker and Robins gen. et sp. nov. New combinations are provided for the mytilid bivalve Inoperna plenicostata, the thyasirid bivalve Rhacothyas spitzbergensis, the ampullinid gastropod Globularia isfjordensis, and the munidid decapod Protomunida spitzbergica. Thirteen taxa are left in open nomenclature. The fauna contains a few last occurrences of Cretaceous survivors into the Paleocene, as well as first occurrences of Cenozoic taxa. It is composed of chemosymbiotic thyasirid bivalves and background species common in the northern Atlantic and Arctic during the Paleocene. Our results provide no evidence for a Paleocene origin of vesicomyid and bathymodiolin bivalves typical for Eocene and younger seep environments; instead, the Paleo cene seeps of the Basilika Formation are more similar to their Late Cretaceous equi valents rich in thyasirids.
Introduction
Marine ecosystems at hydrothermal vents (Van Dover 2000) , cold seeps (e.g., Sibuet and Olu 1998; Levin 2005) , vertebrate falls (Smith and Baco 2003) , and sunken plant debris (Wolff 1979; Bernardino et al. 2010 ) are best known for spectacular accumulations of biota fuelled by chemosynthetic rather than by photosynthetic primary production. Chemosynthesis-based ecosystems and associated biota have thrived on Earth throughout most of its recorded history (e.g., Campbell 2006; Kiel 2010b; Sandy 2010; Planavsky et al. 2012) ; the fossil record of cold seeps tends to be much more continuous than that of the remaining marine chemosyntesis-based ecosystems, and dates back to at least the Silurian (approx. 420 Ma; Barbieri et al. 2004; Jakubowicz et al. 2017) . One of the chief interests in ancient seep biotas lies in their reliance on chemosynthetically produced organic matter, making them largely impervious to the effects of disturbances in the trophic chain affecting the remainder of the marine fauna, including mass extinctions (Kiel and Little 2006) . There is some evidence that seep biota reacted to those events differently from the remainder of the marine fauna, which derived its nutrition through photosynthesis (e.g., Kiel 2015) . However, the incomplete fossil record of seep faunas makes more detailed analyses difficult. The large gaps in the fossil record of seeps comprise, for example, the early Palaeozoic and Permian, from which no conclusive seeps have been discovered thus far (cf. Matos et al. 2017) , and the Triassic and Paleocene, with only two conclusive seep faunas known from each (Schwartz et al. 2003; Minisini and Schwartz 2007; Peckmann et al. 2011; Hryniewicz et al. 2016; Kiel 2018) .
The aims of the present paper are to review and systematically describe the macrofauna of late Paleocene methane seep carbonates and associated driftwood from Spitsbergen (Hryniewicz et al. 2016) , except for Conchocele conradii (Rosenkrantz, 1942) , which was already discussed by Hryniewicz et al. (2017) . We also discuss the composition, palaeoecology, and macroevolutionary significance of the fauna, in particular in relation to stratigraphically adjacent biotic events and the Paleogene diversification of seep faunas.
Institutional abbreviations.-GPIBo, Steinmann's Institute of Geology, Mineralogy and Palaeontology, University of Bonn, Germany; NRM, Swedish Museum of Natural History (Naturhistoriska riksmuseet), Stockholm, Sweden; ZPAL, Institute of Paleobiology, Polish Academy of Sciences, Warsaw, Poland.
Other abbreviations.-H, height; L, lenght; n, number of data points; W, width.
Nomenclatural acts.-This published work and the nomenclatural acts it contains, have been registered in ZooBank: urn:lsid:zoobank.org:pub:E6189ABB-9B6F-4057-BB8D-798C9B0BE388
Geological setting
The fauna discussed in this paper comes from the late Paleocene methane seep carbonates and associated driftwood from the Basilika Formation, Spitsbergen, Svalbard (Hryniewicz et al. 2016) . These deposits formed in a semienclosed marine embayment in a prodelta to deltafront environment (Nøttvedt 1985; Manum and Throndsen 1986; Dallmann 1999) . The presence of glendonite indicates that the Paleocene on Svalbard was a time of a cold climate with near-freezing seawater temperatures (Spielhagen and Tripati 2009 ). The water column of the Svalbard embayment possibly was stratified (Nagy et al. 2000) , likely due to a temperature or salinity gradient, and vegetated areas provided an ample amount of terrestrial plant material preserved in the seep carbonates and in the surrounding siltstone (Hryniewicz et al. 2016 ).
Material
The fossils from the Basilika Formation come from two museum collections described by Hägg (1925; NRM) and Vonderbank (1970; GPIBo) , supported by literature descriptions of the lost material of Gripp (1927) . Additional materials used for this study were collected during fieldwork in 2015 in Fossildalen (Hryniewicz et al. 2016 ) and during fieldwork in 2017 in Zachariassendalen east of Barentsburg. Three localities are discussed briefly below.
Fossildalen, Colesbukta area, Spitsbergen, Svalbard.-The material comes from boulders found in the bed of a small creek in Fossildalen, ~78°5′52.68″ N, 14°31′51.59″ E (Fig. 1) . The boulders are composed of seep carbonate, sunken driftwood, and siltstone, and contain a fossil fauna in which the most common species are the thyasirid bivalve Conchocele conradii (Rosenkrantz, 1942) , protobranch bivalves, the wood-boring bivalve Xylophagella littlei Hryniewicz sp. nov., the ampullinid gastropod Globularia isfjordensis (Vonderbank, 1970) , and the tere bratulide brachiopod Neoliothyrina nakremi Bitner sp. nov. The description of the site indicates that the material discussed by Hägg (1925) and Gripp (1927) very likely came from this locality.
Locality 500 m west of Trigonometric point 25, Hollendarbukta area, Spitsbergen, Svalbard. -Trigonometric point 25 is located in the eastern part of Hollendarbukta (Fig. 1) . Vonder bank (1970) mentioned that the materials he described were collected from fossiliferous lenses 500 m west of this point. The surrounding strata have been described as belonging to the so-called Grumantdalen Beds (Vonderbank 1970) , which is an abandoned unit not mappable in the field (Dallmann 1999) . The rocks surrounding the fossiliferous lenses described by Vonderbank (1970) most likely represent the Basilika Formation, which crops out in the eastern Hollendarbukta area. The materials comprise the aporrhaid gastropod Aporrhais cf. gracilis Koenen, 1885 , the scaphandrid gastropod Ellipsoscapha sp., the ampullinid gastropod Globularia isfjordensis (Vonderbank, 1970) , the mytilid bivalves Inoperna plenicostata (Anderson, 1970) and ?Mytilus hauniensis (Rosenkrantz, 1970) , the thyasirid bivalve Rhacothyas spitzbergensis (Anderson, 1970) , and crustaceans.
Zachariassendalen, 1.5 km east of Barentsburg, Spits bergen, Svalbard.-The material comes from a single boulder found in situ on a slope in the upper reaches of Olavbekken rivulet, ~78°3'56.09"N, 14°16'59.77"E (Fig. 1) . The boulder is a concretionary limestone with small, rounded, siliciclastic pebbles. It contains abundant plant material including reeds (Phragmites sp.) and unidentified twigs; the most common invertebrates are the thyasirid bivalve Rhacothyas spitzbergensis (Anderson, 1970) , protobranch bivalves (including Solemya sp.), rare gastropods, and crustaceans. The carbon isotope signature of five carbonate samples was investigated by us in the same way as described by Hybertsen and Kiel (2018) ; the lowest measured values reach -48.2‰, clearly indicating that oxidation of biogenic methane played a role in the formation of the carbonate concretion.
Systematic palaeontology
Phylum Brachiopoda Duméril, 1806 Order Terebratulida Waagen, 1883 Suborder Terebratulidina Waagen, 1883 Family Sellithyridae Muir-Wood, 1965 Genus Neoliothyrina Sahni, 1925 Type species: Terebratula obesa Davidson, 1852 (not Sowerby, 1823 , see discussion in Popiel-Barczyk 1968: 52); Upper Cretaceous, England.
Neoliothyrina nakremi Bitner sp. nov. Figs. 2, 3. ?1927 Terebratulina sp.; Gripp 1927 : 30, pl. 6: 13-14. 2016 Hryniewicz et al. 2016 , table 2. ZooBank LSID: urn:lsid:zoobank.org:act:C889EAF7-1909-4819-9B0E-9709A1EBA6ED Etymology: In honour of Norwegian palaeontologist Hans Arne Nakrem, in recognition of his studies on fossil chemosynthesis-based faunas from Spitsbergen. Type material: Holotype: ZPAL V.48/9-1, decorticated specimen with broken beak (Fig. 3A) . Paratypes: ZPAL V.48/9-2-4, decorticated specimens with broken beak (ZPAL V.48/9-2) and anterior part (ZPAL V.48/9-2-3); a set of acetate peels (ZPAL V.48/9-4) (Figs. 2, 3B, C). Material.-13 specimens (ZPAL V.48/9-1-13), complete spe cimens, apart from the holotype all with broken anterior part, all from the type locality and horizon.
Measurements.-Holotype (ZPAL V.48/9-1): L, 25.6 mm; W, 19.9 mm; H, 12.9 mm; other specimens inappropriate for measurements.
Diagnosis.-Small Neoliothyrina with rectimarginate anterior commissure. Outer hinge plates relatively wide, ventrally concave, inner hinge plates narrow and short, not contacting each other. Crural processes short, bluntly pointed. Loop short.
Description.-Shell of medium size, subpentagonal to elongate oval in outline, biconvex with ventral valve deeper. Shell surface smooth with numerous growth lines. Lateral commissure slightly ventrally convex, anterior commissure rectimarginate. Beak suberect with rounded beak ridges. Foramen large, circular, mesothyrid. Symphytium small, only partially visible.
Internal characters investigated in transverse serial sections. Cardinal process distinct, flat, surface with numerous grooves. Inner socket ridges thick, parallel to valve margin. Dental sockets moderately deep. Outer hinge plates relatively wide, ventrally concave, separated from inner hinge plates by distinct crural bases. Inner hinge plates short, narrow, not connecting. Crural processes short, tapering, slightly inwardly curving. Loop short, transverse band not preserved. Remarks.-Probably the first record of this species is Terebratulina sp. described and figured by Gripp (1927) , but the material is missing and the precise identification from the figure alone is impossible. The material studied herein was initially questionably assigned to Pliothyrina Roy, 1980 (see Hryniewicz et al. 2016 ; however, the investigations of internal structures suggest attribution to Neoliothyrina. Pliothyrina is known from the Oligocene to Pliocene in northern Europe (Cooper 1983) , while Neoliothyrina is known from the Upper Cretaceous (Santonian-Maastrichtian) of Great Britain, Germany, and Poland (Steinich 1965; Popiel-Barczyk 1968; Cooper 1983) . Both genera are characterized by the presence of inner hinge plates, a feature rarely present in terebratuloids (MacKinnon and Lee 2006) . Pliothyrina differs from Neoliothyrina in having very narrow or absent outer hinge plates and its crural processes are unusually long and curved anteromedially (Cooper 1983) , whereas the outer hinge plates are well-developed and the crural processes are bluntly pointed in Neoliothyrina. These characters are all observed in the material from Svalbard.
Due to the rectimarginate anterior commissure, very narrow and short inner hinge plate, and small crural processes, Neoliothyrina nakremi Bitner sp. nov. closely resembles the Maastrichtian Neoliothyrina plana Popiel-Barczyk, 1968 , from Poland. Neoliothyrina nakremi is, however, more elongate and more pentagonal compared with N. plana. Thus, the present finding extends the stratigraphical and geographical range of this genus into the Paleocene.
The investigated specimens differ strongly from the type species, Neoliothyrina obesa Davidson, 1852 . Neoliothyrina obesa is much larger than N. nakremi, having its anterior commissure distinctly biplicate and its inner hinge plates are well developed, contacting or even overlapping each other in many specimens (Steinich 1965; Popiel-Barczyk 1968; Cooper 1983) . Also, Neoliothyrina fallax (Lundgren, 1885) has a larger maximum size than the taxon from Svalbard (Brün nich Nielsen 1909; Popiel-Barczyk 1968) and exhibits a more curved beak and biplicate anterior commissure. The species Neoliothyrina fittoni (Hagenow, 1842, assigned the cardinal process has a distinct cardinal knob that is very poorly developed in other Neoliothyrina species (Steinich 1965; Popiel-Barczyk 1968) . The specimens assigned by Gripp (1927) to Terebratulina d 'Orbigny, 1847 , undoubtedly belong to smooth, shortlooped terebratulides and most probably represent the new species described here. However, the genus Terebratulina is characterized by a ribbed surface, not seen on Gripp's (1927) figures, and an incomplete foramen with disjunct deltidial plates, absent in the material studied herein. ?1925 Nassa spec. ; Hägg 1925 Hägg : pl. 3: 5, 5a. 1927 Chenopus (Arrhoges) sp. ; Gripp 1927 Gripp : 32, pl. 6: 8-9. 1970 Chenopus gracilis (Koenen, 1885); Vonderbank 1970: 87, pl. 8: 8-9 . 2016 Aporrhaidae sp.; Hryniewicz et al. 2016: fig. 12H .
Material.-Two specimens (GPIBo 116, 117), incomplete adolescent shells from the upper Paleocene, Basilika Formation, locality 500 m west of Trigonometric point 25, Hollen darbukta, Spitsbergen, Svalbard.
Measurements.-GPIBo 117: H, 27 mm; W, 14 mm.
Description.-Shell elongate, largest specimen (GPIBo 117) consists of seven whorls. Whorl flanks moderately inflated with neither keel nor knobs. Ornamentation consists of opisthocline, well-expressed but blunt axial ribs, which disappear at demarcation between lateral flank and base. Demarcation continuous with no sharp angulation. Both lateral flank and base ornamented by numerous delicate spiral ribs. Aperture not preserved, only specimen with piece of single straight digit of outer lip preserved has been illustrated by Gripp (1927: pl. 6: 8, 9 ), but this specimen was poorly preserved and collection did not survive 2 nd World War (Ulrich Kotthoff, personal communication 2015) . No trace of ascending whorl has been observed. Remarks.-The adolescent aporrhaid shells from Isfjorden display characters observed in three Paleogene species, but due to the lack of well-preserved diagnostic characters of the adult expanded outer lip, it is difficult to attribute it to any of these species with confidence. The three species in question are: Aporrhais gracilis Koenen, 1885; A. bowerbankii (Morris, 1852) , and A. triangulata Gardner, 1884 . The former two are from the Paleocene, while the latter is early Eocene in age. All three have similar early whorls; a tall, elongate teleoconch without keel or knobs and without an ascending last whorl; and differ mostly in the morphology of the terminal whorl and its outer lip, characters not preserved in the aporrhaid from Isfjorden. Vonderbank (1970) attributed the specimens from the Paleocene of Spitsbergen to A. gracilis, which is known to occur in the Selandian of Denmark (Koenen 1885; Schnetler and Nielsen 2018) under the generic name Chenopus Philippi, 1836, which is a junior objective synonym of Aporrhais. It seems indeed that A. gracilis is the most similar species, but due to its fragmentary preservation we prefer to leave the species from the Paleocene of Spitsbergen in open nomenclature. Another similar but poorly preserved aporrhaid-like specimen from Fossildalen has been illustrated and decribed by Hägg (1925) Globularia isfjordensis (Vonderbank, 1970 ) Fig. 5. 1925 Hägg 1925 : 45, pl. 3: 2. 1925 Hägg 1925 : 45, pl. 3: 3. 1925 Hägg 1925 : 45, pl. 3: 4. 1927 Gripp 1927 Gripp : 32, pl. 6: 11. 1970 Ampullonatica isfjordensis n. sp. ; Vonderbank 1970 Vonderbank : 87, pl. 8: 1-6. 2016 "Naticiform" gastropod sp.; Hryniewicz et al. 2016: Remarks. -Vonderbank (1970) classified his new species in the naticid genus Ampullonatica Sacco, 1890a, which is invalid due to its type species being a nomen nudum. In an older account, Hägg (1925) divided the naticiform gastropods from Isfjorden into three species of Natica Scopoli, 1777 in open nomenclature, but provided no description of the species in question. Gripp (1927) Mörch, 1857) . We also think that this form is more similar to ampullinids rather than to naticids due to the thin shell, absence of an umbilicus and parietal callus and enhanced growth lines. On the other hand, in molluscan fossils from the studied collection, we noticed several drill holes that could be attributed to predatory gastropods (such as naticids), although another species of predatory gastropod not yet found in Basilika Formation could have been responsible for these holes. Drill holes have been noted previously in fossil cold seep mollusks (Amano 2003; Amano and Jenkins 2007; Amano and Kiel 2007; Kiel et al. 2008 Kiel et al. , 2016 . The species identified by Hägg (1925) as Nassa sp. (Fig. 4C ) most likely is a poorly preserved aporrhaid (see above). Ellipsoscapha sp. 1970 Cylichna discifera Koenen, 1885; Vonderbank 1970 Vonderbank : 88, pl. 8: 7. 2016 Cylichnidae sp.; Hryniewicz et al. 2016: Remarks.-The specimen in question was classified by Vonderbank (1970) as Cylichna discifera Koenen, 1885 , known from the Paleocene of Denmark (Koenen 1885; Schnetler and Nielsen 2018) ; however, the latter species is much more elongate and equally wide over its entire height, being similar to true cylichnids. The specimen from Spitsbergen, in turn, possesses characters of Scaphandridae and in particular the genus Ellipsoscapha, known from the uppermost Cretaceous of the USA (Sohl 1964) , especially the shell widening adapically due to the expanding aperture, and the lack of a callus, columellar folds and an umbilical slit. Due to the imperfect preservation we refrain, however, from specific identification. Another Paleocene species of Ellipsoscapha, also in open nomenclature, has been reported from Greenland by Kollmann and Peel (1983) . The latter species, however, is slimmer than the one from Spitsbergen and its last whorl reaches high above the apex. (Vonderbank, 1970) Taylor, Glover, and Williams, 2008 , Petrasma Dall, 1908 , Solemyarina Iredale, 1931 , and Zesolemya Iredale, 1939 . The present species has no internal ligament demipads in front of the umbo that we could identify inequivocally, and so is reminiscent of Petrasma Dall, 1908 , but the small number of specimens does not allow us to check whether this is a constant feature. Therefore, we did not assign our species in a subgenus of Solemya. The conchological features used to subdivide extant species of Solemya are mostly those of the posterodorsal and dorsal shell margin, such as the shape and length of the chondrophore and ligament, shape of the posterior adductor muscle scar and the shape of the anterior ligament extensions (Taylor et al. 2008; Kamenev 2009 ). These features are not preserved in the material herein, so that identification to the species-level is not possible at present. External conchological characters, perhaps except for the relative position of the umbo in relation to the shell length, are not of great taxonomic significance for solemyids when internal shell features are absent (e.g., Amano and Ando 2011; Hryniewicz et al. 2014 Remarks.-The present species is similar to Nucula nucleus (Linnaeus, 1758) Description.-Shell small, weakly inflated, elongate-ovate, inequilateral. Surface smooth without fine growth lines. Antero-dorsal margin short, sloping steeply into semicircular anterior margin; postero-dorsal margin long, nearly straight, forming bluntly pointed posterior end with broadly arcuate ventral margin. Beak not very prominent, located at anterior third of shell length.
Remarks.-The investigated specimen is doubtfully classified in Malletia based on its weakly inflated shell and outline. Its outline is very similar to Malletia sp. from the Selandian (middle Paleocene) Katsuhira Formation in eastern Hokkaido, Japan (Amano and Jenkins 2017: fig. 19 ). However, the present species is smaller and taller than the Katsuhira species (L, 10.4-10.9 mm; H, 5.5-6.4 mm; H/L, 0.53-0.58).
Family Neilonellidae Schileyko, 1989 Genus Neilonella Dall, 1881 Type species: Leda corpulenta Dall, 1881; Recent, Caribbean Sea and Gulf of Mexico.
Neilonella sp. Description.-Shell small, moderately inflated, elongateovate, equivalve, nearly equilateral. Surface sculptured with fine commarginal ribs. Antero-dorsal margin broadly rounded, passing into semicircular anterior margin; posterodorsal margin nearly straight, sloping gently into bluntly pointed posterior end; ventral margin broadly arcuate. Escutcheon not demarcated but broad. Beak not very prominent, slightly opisthogyrate, located centrally. Hinge with two series of very small teeth. Pallial sinus narrow, shallow, posterior muscle scar subquadrate.
Remarks.-Although we could not determine the presence of a resilifer, the available specimens are considered to belong in Neilonella because of their elongate-ovate outline, the presence of many fine commarginal ribs on the shell surface and the bluntly pointed posterior end. They resemble Neilonella alleni Amano and Jenkins, 2017 , from the Selandian (middle Paleocene) Katsuhira Formation in eastern Hokkaido, Japan, in their small size and in having sculpture of fine commarginal ribs. However, the anteriorly situated and more bluntly pointed beak of N. alleni enables us to separate it from the present species.
Family Yoldiidae Dall, 1908 Genus Yoldiella Verrill and Bush, 1897 Type species: Yoldia lucida Lovén, 1896; Recent, North Atlantic.
Yoldiella spitsbergensis Amano sp. nov. Hägg 1925 : pl. 3: 6a, 7. 1925 Hägg 1925 : pl. 3: 8a, b. 1927 Gripp 1927 Gripp : 31. 1970 Nuculana (Jupiteria) haeggi n. sp. ; Anderson 1970: pl. 9: 2a-c (not pl. 9: 1a-c Table 1 for full list of measured specimens.
Diagnosis.-Small Yoldiella with concave postero-dorsal margin, prominent, centrally located beak, taxodont teeth interrupted by rather wide resilifer, ten teeth anteriorly and nine teeth posteriorly, and narrow and very shallow pallial sinus in front of posterior muscle scar.
Description.-Shell small, moderately inflated, elongateovate, equivalve, inequilateral. Surface partly preserved, smooth apart from fine growth lines. Antero-dorsal margin nearly straight, passing into narrowly rounded anterior margin; postero-dorsal margin slightly concave, passing into acutely rounded posterior end; ventral margin broadly arcuate. Two fine, weak internal ridges extending from beak to posterior corner, forming shallow depressed area on internal mold between ridges. Beak prominent, swollen, prosogyrate, situated centrally. Hinge with two series of small teeth, interrupted by rather wide resilifer; anterior series consisting of ten teeth; posterior one with nine teeth. Pallial sinus narrow, very shallow, anterior to posterior muscle scar. Anterior adductor scar elongate-subquadrate; posterior adductor scar small, pyriform.
Remarks. -Hägg (1925) described and illustrated Nuculana sp. 1 and N. sp. 2 from the Cenozoic of Spitsbergen. Gripp (1927) referred to them as Portlandia sp. without explanation. Anderson (1970) proposed Nuculana (Jupiteria) haeggi based on two specimens, of which the holotype (GPIBo 150) has a shape resembling that of Nucula, unlike the shape of Hägg's (1925) (Nyst, 1843) , now living in the northern Atlantic, Mediterranean Sea and around Japan, is the most similar species in its size and outline to Y. spitsbergensis. However, Y. spitsbergensis Amano sp. nov. differs slightly from Y. philippiana by its larger teeth, larger resilifer, and more obtuse posterior end. Yoldiella nielseni was proposed under the genus Portlandia Mörch, 1857, from the Selandian (middle Paleocene) of Copenhagen, Denmark, by Schnetler (2001) . This species is similar to Y. spitsbergensis in its small size (L up to 3.6 mm) and numerous taxodont teeth (12 in both anterior and posterior series of teeth), but differs by having a shorter rostrum and a more obtuse posterior end. Moreover, the very small resilifer of Y. nielseni enables us to separate it from the new species. Yoldiella dortea Heinberg, 1989 ?Mytilus hauniensis (Rosenkrantz, 1920) 1920 Modiola hauniensis n. sp. ; Rosenkrantz 1920 Rosenkrantz : 37, pl. 2: 15a, b. 1970 Modiolus hauniensis (Rosenkrantz, 1920); Anderson 1970 : 92, pl. 9: 5a-c. 2016 Hryniewicz et al. 2016: Measurements.-L, 6.6-10.9 mm; H, 4.1-5.3 mm; W, 2.4-3.7 mm; n = 3.
Remarks.-?Mytilus hauniensis was erected by Rosenkrantz (1920) on the basis of three mytiliform bivalves from the lower Paleocene Craniakalk, Copenhagen, Denmark. The only figures provided are two illustrations of a left valve (Rosenkrantz 1920: pl. 2: 15a, b) , which show a shell with commarginal ornament, a pronounced umbonal carina, a straight dorsal margin and an obtuse posterodorsal shell angle. These features are all present in the material described by Anderson (1970) from the upper Paleocene from locality 500 m west of Trigonometric point 25, Spitsbergen, Svalbard, although the specimens from Svalbard seem to a have less pronounced umbonal carina. The latter is likely caused by the smaller size of the specimens from Svalbard (L max 10.9 mm) as compared to those from Denmark (L max 36 mm). Anderson (1970) mentioned that 25 specimens were measured, with L max reaching 21.3 mm; however, we were able to examine only one specimen from his collection. The terminal umbones of this species and poorly preserved taxodont dentition in the umbonal area suggest placement in Mytilus Linnaeus, 1758, rather than in Modiolus Lamarck, 1799. However, we consider this placement tentative due to the rather poor quality of the material and possible taxodont dentition visible both anteriorly and posteriorly from the umbones instead of just anteriorly as in Mytilus. The species clearly does not belong to Inoperna (cf. Hryniewicz et al. 2016) , which has external ornament of commarginal corrugations rather than commarginal growth lines.
Stratigraphic and geographic range.-Lower Paleocene of Denmark (Rosenkrantz 1920 ) and upper Paleocene cold seep carbonates from the Basilika Formation, Zachariassendalen and locality 500 m west from Trigonometric point 25, Hollendarbukta, Spitsbergen, Svalbard.
Genus ?Musculus Röding, 1798
Type species: Mytilus discors Linnaeus, 1767; Northern Atlantic, Recent.
?Musculus sp. Description.-Shell small, with fine radial ornament separated by broad interspaces and superimposed on strong commarginal growth lines. Posterior end rounded, posterior lobe inclined ventrally. Details of anterior margin and inner shell surface unknown.
Remarks.-This radially ornamented mytilid was previously figured by Anderson (1970) and misidentified as an arcid, an identification followed by Hryniewicz et al. (2016) . Closer examination of the material, supplemented by an additional specimen found during the field season in 2017 in Zachariassendalen, revealed that this species is actually a mytilid. Radial ornament superimposed on commarginal growth lines occurs among several mytilid genera. Radial ribs superimposed on strong commarginal growth lines and fading close to the ventral margin of the mid-shell section, and a median keel visible on the posterior lobe suggest that this species possibly belongs to Musculus Röding, 1798, but the lack of well-preserved specimens makes our (Rosenkrantz, 1920) (Anderson, 1970 ) discussed herein, have been recorded previously (Stenzel et al. 1957: 74; Vonderbank 1970) . Mauricia Harris, 1919 , from the middle Eocene Cook Mountain Formation (Claiborne Group) in Texas, USA, is similar to Inoperna with respect to shell shape and ornament and could represent the same lineage (Stenzel et al. 1957) .
Inoperna plenicostata (Anderson, 1970) Measurements.-L, 11.4-~59.8 mm; n = 2. Other measurements difficult to estimate due to the poor quality of the material.
Description.-A description of the species was provided by Anderson (1970: 94) . We hereby provide a description of juvenile specimens, which were not studied previously. Earliest growth stages unknown. Shell shorter than 1.75 mm ornamented with regularly spaced commarginal corrugations with similarly wide depressions separating them. Commarginal growth lines superimposed on fine radial ornament visible in commarginal depressions but diminishing on commarginal corrugations. Possible growth halt visible ~0.75 mm from umbones; second growth halt at ~1.75 mm, roughly coincides with change of ornamentation from regular and strong commarginal ornament superimposed on fine radial ornament to less regular and weaker commarginal currugations and no radial ornament. Latter ornamentation pattern present on remainder of shell; commarginal ornament of largest specimen (GPIBo 155; L ~59.8 mm) grouped in bundles of 3-5, whereas commarginal corrugations on shorter specimens show no obvious grouping. Anterior adductor muscle scar minute, rounded, located ventrally to umbo and separated from pallial line. Pallial line visible only in anteroventral part of shell; remainder unknown.
Remarks.-Some morphological features of this mytilid from Spitsbergen suggest its inclusion in the poorly known genus Inoperna Conrad, 1875. The specimens from locality 500 m west of Trigonometric point 25 are partial shells with a slightly different shape from the specimens from Zachariassendalen. The holotype (GPIBo 155; L ~59.8 mm) is an incomplete mytiliform shell with the posterior lobe broken off; therefore, it was originally larger than the measurement given above. The shell has a terminal umbo and no well-defined carina, whereas the paratype (GPIBo 156; L ≥11.4 mm) has a more complete, modioliform shell and a subterminal umbo. Shell shape changes during mytiloid ontogeny (e.g., Fuller and Lutz 1989; Cosel and Olu 1998; Saether et al. 2010) ; therefore, the observed shape differences among specimens of different size are likely an ontogenetic feature. In general, the shell shapes observed in the material from Svalbard are similar to those known from other species of Inoperna (reviewed by Stenzel et al. 1957: 74-75) . The curved mytiloid shell of I. plenicostata is somewhat reminiscent of some specimens of I. flagellifera Forbes, 1845 (e.g., Forbes 1845 Woods 1900: pl. 17 : 1), especially of the specimens from the Santonian (Late Cretaceous) Hochmoos Formation of the Gosau Group in Austria (Dhondt 1987: pl. 1: 13) . Most of the species of Inoperna are known mostly from partially preserved specimens (e.g., Stephenson 1923; Wade 1926; Popenoe 1937) ; therefore, it is difficult to determine their external shapes, and to estimate the degree to which the shell shape of Inoperna is taxonomically or phenotypically controlled.
The holotype (GPIBo 155) of Inoperna plenicostata has a characteristic external ornament composed of commarginal 2 mm corrugations arranged in groups of three to five, separated by broader furrows devoid of any visible ornament. The paratype (GPIBo 156) has commarginal corrugations not grouped into bundles. We infer that this difference in ornamentation between two type specimens is likely an ontogenetic feature, as the two are of very different size. An ornamentation composed of commarginal corrugations is typical for Inoperna (Woods 1900; Stephenson 1923; Wade 1926; Popenoe 1937) . The ornament of I. plenicostata differs from that known from other species of Inoperna because the corrugations do not merge close to the dorsal margin to form broader commarginal folds as seen in I. carolinensis (Stephenson 1923: pl. 62: 14; Wade 1926: pl. 13: 10) and I. flagellifera (e.g., Dhondt 1987: pl. 1: 11-13), and, to some extent, I. bellarugosa (Popenoe 1937: pl. 45: 7 [not fig. 6] Rhacothyas spitzbergensis (Anderson, 1970) Figs. 11, 12.
1925 Lucina spec. ; Hägg 1925 : 46, pl. 3: 10a, 11 1927 Thyasira spec. 2: Gripp 1927 : 32, pl. 7: 18a. 1970 Anodontia spitzbergensis n. sp. ; Anderson 1970 Anderson : 95, pl. 9: 8a-c. 2016 Myrteinae sp.; Hryniewicz et al. 2016: Material.-Holotype (GPIBo 157), relatively well preserved shell, from the upper Paleocene, locality 500 m west of Trigonometric point 25, Hollendarbukta, Spitsbergen, Svalbard; 28 specimens, mostly internal molds (including NRM-PZ Mo 149144, 149145, 182205, 182205a, 183970) from the up- Remarks.-The species discussed was initially attributed to Lucina by Hägg (1925) . In the paper following shortly thereafter, Gripp (1927) included the same species in Thyasira, although Gripp (1927) did not comment on the previous identification by Hägg (1925) . The contents of the work of Gripp (1927) show that he was aware of the preceeding paper of Hägg (1925) ; therefore, it is unclear why he did not comment on the previous identification. Anderson (1970) , on the other hand, identified this Paleocene form from Spitsbergen as a new species of the lucinid genus Anodontia Link, 1807, based on the outer shell shape and information on the edentulous hinge provided by Hägg (1925: 46) . The species was subsequently classified as an unnamed myrtein lucinid by Hryniewicz et al. (2016) , based on overall luciniform shape and the fine, commarginal ornament.
Here we argue that this species, with its luciniform shell, small and sunken lunule, edentulouse hinge, long and sunken ligament, and weak posterior sulcus, belongs to the luciniform thyasirid genus Rhacothyas Åström and Oliver in Åström et al., 2017 . The sole modern species of the genus is Rhacothyas kolgae Åström and Oliver in Åström et al., 2017 , from the cold seeps off Prins Karls Forland in the North Atlantic (ca. 350 m water depth). Rhacothyas kolgae is somewhat larger (L max 27.7 mm), and has a more sloping posterodorsal margin, with a deeper sulcus than the current species, but its general morphology is very similar, with a somewhat stronger posterior sulcus and more incurved umbones than R. spitzbergensis. Other luciniform thyasirid bivalves from chemosynthesis-based ecosystems comprise "Maorithyas" hadalis Okutani, Fujikura, and Kojima, 1999 , from a methane seep in the trench off northern Honshu, Japan (7326 m water depth; Fujikura et al. 1999; see Valentich-Scott et al. 2014; Åström et al. 2017 , for discussion of the systematic placement of this species), has a weakly defined lunule and a much shorter ligament than the species from Spitsbergen discussed here. Ochetoctena tomasi Oliver, 2014 , from the Regab Pockmark seeps in the Gulf of Guinea, equatorial Atlantic (3167 m water depth), the sole species of Ochetoctena Oliver, 2014, is very similar in shape to the Paleocene species from Spitsbergen. However, it has periostracal spines on the outer shell surface not seen in the Spitsbergen material examined, and also less pronounced beaks. Hryniewicz et al. 2017 , for a discussion of nomenclatoral problems of extant species of Conchocele) are very similar in shape to the current species. However, the luciniform thyasirids from the Sea of Okhotsk are much smaller (L 5.5-8.4 mm) than the current species (L 4.7-16.9 mm); at the shell length achieved by R. spitzbergensis, the shell of the thyasirid species from Sea of Okhotsk has a shape more similar to that of typical Conchocele. Rhacothyas spitzbergensis clearly does not belong in Anodontia, which has a globular shell with short, weakly sloping anterodorsal and posterodorsal margins, and a curved ventral margin forming a deep arch continuous with anterior and posterior margins. In contrast, the Spitsbergen species has relatively long, sloping anterodorsal and posterodorsal margins, and a ventral margin forming a relatively shallow arch unlike that known from extant Anodontia species (Taylor and Glover 2005) . There is no reported occurrence of Anodontia older than the Miocene (e.g., Ludbrook 1959 Ludbrook , 1978 Olsson 1964; Kiel et al. 2018) . Paleogene lucinid bivalves similar to Anodontia have usually been assigned to different genera, such as Eophysema Stewart, 1930 . Eophysema encompasses species from the Eocene of the Gulf Coast, USA, and France (see Bretsky 1976; . It is a genus with relatively small species (L ≤32 mm) with a thin hinge plate; however, it has a globular shell and cardinal dentition, unlike the Paleocene specimen from Spitsbergen herein. Afranodontia marginidentana Adegoke, 1977 , from the Paleocene Ewekoro Formation in Nigeria (Adegoke 1977) , exhibits cardinal dentition and marginal shell crenulations not known from the Paleocene species of Spitsbergen. Edentulous fossil seep lucinids identified so far comprise Early Cretaceous-Oligocene Amanocina Kiel, 2013 , Eocene-Miocene Elongatolucina Gill and Little, 2013 , Oligocene-Miocene Nipponothracia Kanie and Sakai, 1997 , Oligocene-Recent Elliptiolucina Cosel and Bouchet, 2008 , and Miocene-Recent Meganodontia Bouchet and Cosel, 2004 . Representatives of all five genera are much larger than the Spitsbergen species, exceeding 130 mm in length (Kelly et al. 2000; Kiel 2013 ). Among those genera, Elliptiolucina and Elongatolucina have characteristic, elongate shells, very different from the oval shell of Rhacothyas spitzbergensis, whereas the shell of Meganodontia is very large and globular (e.g., Kiel and Taviani 2017; Amano et al. 2018b) , also unlike that of the current species. Seep lucinids with a similarly shaped shell with dentition comprise the Late Jurassic genus Beauvoisina Kiel, Campbell, and Gaillard, 2010 ; the Late Jurassic-Late Cretaceous genus Tehamatea Kiel, 2013, the Early Cretaceous-Oligocene genus Cubatea Kiel, Campbell, and Gaillard, 2010 , the Late Cretaceous-Paleocene genus Nymphalucina Speden, 1970 , and the Oligocene-Recent genus Lucinoma Dall, 1901 . All these genera have cardinal dentition and moderately thick (Beauvoisina, Tehamatea, Cubatea, and Lucinoma) or thick (Nymphalucina) hinge plates (Speden 1970; Kiel 2013; Kiel and Taviani 2017; Amano et al. 2018b) , features that are absent from the material studied.
Lucina planistria Koenen, 1885 , and Lucina lepis Koenen, 1885, from Paleocene deposits in Copenhagen, Denmark (Koenen 1885) are very similar to Rhacothyas spitzbergensis in shell size and shape, as well as the shape of the resilifer and the apparent lack of dentition, and could potentially represent another fossil occurrence of Rhacothyas. However, the details of muscle scars of both species are unknown, and we refrain from any further comparison with R. spitzbergensis until more data on both L. planistria and L. lepis are available. ?Pleuromya sp. Description.-Shell elongate (L 11.7 mm), inequilateral with orthogyrate to opisthogyrate beaks displaced towards anterior. Anteroventral margin straight, anterior margin evenly rounded, ventral margin broadly rounded, passing smoothly into acutely rounded posterior margin. Posterodorsal margin straight, hinge without lateral teeth and apparently edentulous. Opisthodethic part of ligament visible. Posterior adductor muscle scar small, pallial sinus present, deep but not seen completely. External ornament of commarginal growth lines.
Remarks.-This species is most similar to Lyonsia sp. 1 from the Selandian (middle Paleocene) Sonja Lens in Nuussuaq, western Greenland (Petersen and Vedelsby 2000) , with respect to the shape, the position of the beak, external ornament, inflation, and size. The available features visible on the material from Spitsbergen, especially a moderately inflated, equivalved shell, deep pallial sinus, and ornament composed of commarginal growth lines, suggest that this species does not belong to Lyonsia Turton, 1822. Lyonsia has a relatively shallow pallial sinus and ornament composed of commarginal lines superimposed on radial rows of spines (Prezant 1981; Coan et al. 2000; Coan and Valentich-Scott 2012) . Instead, the specimen is more similar to Pleuromya Agassiz, 1842 (e.g., Duff 1978) , which has a deep pallial sinus and ornament composed of commarginal growth lines. The interpretation presented herein should be treated as preliminary because only one specimen was available. Remarks.-After closer examination of the specimen illustrated by Hägg (1925) , we conclude it is most likely a species of Arctica sp. based on the external shell shape, position and character of the beak, straight and dorsally inclined posterodorsal shell margin, and numerous very fine commarginal growth lines. The latter character could be related to very slow growth (Morton 2011) , known from the extant long-living species Arctica islandica (Linnaeus, 1767) . Arctica ovata (Meek and Hayden, 1858 ) from the Paleocene Cannonball Formation of South and North Dakota (Cvancara 1966) and Danian (lower Paleocene) Prince Creek Formation in Alaska (Marincovich 1993) , both USA, is similar to ?Arctica sp. in general shell shape. However, due to the lack of data on the dentition of the Svalbard material, we are unable to compare the two species in more detail. Remarks.-The current species was previously listed as an unnamed bivalve by Hägg (1925) . We classify it as a tellinid based on its shell shape and the presence of an external ligament; the elongation and roughly equidistant position of the umbo suggests ascription to Tellina rather than to Macoma Leach, 1819.
Several tellinids have been reported from Paleocene deposits of Greenland (Petersen and Vedelsby 2000) . Among those, Tellina sp. 1 is less elongate, whereas Tellina sp. 2 has the umbo positioned closer to the anterior of the shell than the species reported here. Macoma sp. 1 and Macoma sp. 2. are both less elongate than the species reported here. Tellinimera scitula (Meek and Hayden, 1856) from the uppermost Maastrichtian (Upper Cretaceous) Fox Hills Formation in South Dakota, USA, has a less pointed umbo, is less elongate and has more rounded anterodorsal and posterodorsal margins than the Paleocene ?Tellina sp. described here. Tellinimera kauffmani Marincovich, 1993 , from the Danian (lower Paleocene) Prince Creek Formation in northern Alaska, USA, is similar in shape to the species reported here, but has a less pointed umbo and weakly convex anterodorsal and posterodorsal margins as opposed to straight in ?Tellina sp. Etymology: In honour of the British palaeontologist Crispin T.S. Little, in recognition of his studies on fossil chemosynthesis-based faunas. Type material: Holotype: ZPAL V.48/5, partial shell (Fig. 17A) . Paratypes: ZPAL V.48/6-8, partial shells (ZPAL V.48/6-7), internal mold (ZPAL V.48/8) (Fig. 17B-D Table 2 for full list of measured specimens.
Diagnosis.-A species of Xylophagella with inner posterior ridge strong dorsally but diminishing ventrally.
Description.-Shell of normal size for genus (L ≤20.2 mm), thin, globular. Ventral margin convex, deepest around umbonal-ventral groove, rising posteriorly. Faint posteroventral angulation present; posterior margin rounded. Anterior gape wide, posterior gape narrower than anterior one. Prora triangular, occupying ca. 40% of height of anterior slope. Anterior slope short, well-demarcated from prora but poorly demarcated from disc; its dimensions difficult to ascertain. Rasp consists of oblique ridges covered with transverse lamellae; ridges sub-parallel to lower margin of prora, and to anterior margin of anterior slope. Obtuse angle of ridges between prora and anterior slope section of rasp forms well-defined line separating the two shell regions. This angle causes shell thickening, forming internal ridge. Rasp diminishes posteriorly but remains present until umbonal-ventral groove. Umbonal-ventral groove relatively wide, bounded anteriorly and posteriorly by shell thickening, forming two outer and inner ridges. Faint flat-topped outer ridge amidst umbonalventral groove. Section of shell posterior to umbonal-ventral groove ornamented with low commarginal folds superimposed on fine, commarginal growth lines. Internal ridge from umbo to posteroventral shell margin prominent dorsally, diminishing ventrally, disappearing completely from later growth stages. Faint muscle scars visible perpendicular to anterior margin; posterior adductor muscle scar faint, formed by multiple oblique attachment scars.
Remarks.-Xylophagella littlei Hryniewicz sp. nov. differs from X. dubius (Stanton, 1901) by its smaller prora and convex ventral margin (as opposed to straight to concave in X. dubius). Xylophagella littlei also has a more posteriorly elongate shell compared to the roughly circular shell of X. dubius. However, we have seen only drawings of the latter species (Stanton 1901: pl. 6: 5-8) , and a more detailed comparison of the two species is not possible. Xylophagella littlei has a convex ventral margin with the deepest point around the umbonal-ventral groove, as opposed to a straight ventral margin in X. zonata Casey, 1961 (Woods 1909 . Xylophagella elegantula (Meek and Hayden, 1858) has not been figured to our knowledge; therefore, our comparison has to rely on the description (Meek and Hayden 1858: 141) , which indicates that the anterior gape of X. elegantula covers ~33% of the shell length. The gape is larger in X. elegantula than in X. littlei, where it occupies 20-25% of the shell length. The description of X. elegantula also indicates that the umbo placed nearly in the middle of the shell length, whereas it is located anteriorly in X. littlei. Xylophagella littlei is more elongate posteriorly as opposed to X. truncata Kelly, 1988 , and has a rounded posterior margin as opposed to truncated in X. truncata. The inner umbonal ridge of X. littlei diminishes towards the ventral margin, whereas it is continuous in X. truncata. Cyrtodaria aff. rutupiensis (Morris, 1852) Description.-Shell elongate, weakly inflated, edentulous, moderately thick, covered with commarginal growth lines. Umbones positioned roughly mid-hinge line, not prominent, dorsal margin composed of two straight, weakly inclined, anterior and posterior sections. Anterior and posterior shell margins rounded, gaping; anterior somewhat more rounded than posterior. Ventral shell margin straight with very weak sinus close to mid-line. Anterior adductor muscle scar teardrop-shaped, elongated along anterodorsal margin. Posterior adductor muscle scar shorter but precise shape unknown.
Remarks.-Elongate bivalves with a medially positioned umbo and a shape similar to the specimen of Cyrtodaria aff. rutupiensis (Morris, 1852 ) figured herein were previously described and figured from the Paleocene of Fossildalen as belonging to at least three species of Solecurtus Blainville, 1824, by Hägg (1925: pl. 6: 25-27) . As those specimens have no visible transverse ornament characteristic of species of Solecurtus (Hägg 1925: pl. 6: 27) , they likely do not belong to Solecurtus and could be assigned to Cyrtodaria. Livšic (1974) mentioned Cyrtodaria sp. occurring in the "Storvola Formation", an obsolete name for the Eocene Aspelintoppen Formation (Dallmann 1999 ) overlying the Basilika Formation. Since Livšic (1974) did not provide any figures, we are unable to relate our material to his report. Cyrtodaria rutupiensis (Morris, 1852) , a common species occurring in Paleocene deposits of western Spitsbergen (Strauch 1972) , the Thanet Formation in Kent, UK (Ward 1978) , the Prince Creek Formation in northern Alaska (Marincovich 1993) , and the Mount Moore Formation of Ellesmere Island in Arctic Canada (Marincovich and Zinsmeister 1991) , is very similar to the current species. However, we are unable to perform a more thorough comparison because only one specimen was available. Solecurtus (Macha) sp. from the Paleocene of Fossildalen has been included (Hägg 1925: pl. 6: 26) into the synonymy list of C. rutupiensis by Marincovich (1993) , but we are unable to relate Solecurtus (Macha) sp. to our material. Cyrtodaria katieae Marincovich, 1993 , from the Paleocene Prince Creek Formation in northern Alaska, USA, is elongated similarly to the Paleocene species from Svalbard; however, the umbo of C. katieae is located nearer to the anterior than in the present species. Cyrtodaria? minuta Speden, 1970 , from the Maastrichtian Fox Hills Formation in South Dakota, USA, has a small, thin shell (L 6.5-12 mm) that broadens substantially towards the posterior (Speden 1970: 139, pl. 35: 4-11) ; in our view, it belongs to Saxicavella Fischer, 1878, rather than to Cyrtodaria. ?Capitulum lailae (Gripp, 1927) Remarks.-The specimen comprises a single plate (a rostrum) that is likely attributable to ?Capitulum lailae (Gripp, 1927) , described from the same formation previously by Gripp (1927) and redescribed and refigured by Withers (1953: 112-114, pl. 4.1-4.11) , who compared this taxon to Mitella mitella (Linnaeus, 1758) fig. 2 ). For comparisons among genera below, we have used its type species, Munida rugosa (Fabricius, 1775) . Munidids are known from some modern cold seeps (Olu et al. 1996; Sellanes et al. 2008; Coykendall et al. 2017 ).
Genus Protomunida Beurlen, 1930 Type species: Galathea munidoides Segerberg, 1900; Paleocene (middle Danian), Faxe Formation, Denmark. Species included: Protomunida munidoides (Segerberg, 1900) ; ?P. pentaspina Beschin, Busulini, and Tessier in Beschin et al., 2016; P. primaeva (Segerberg, 1900) ; P. spitzbergica (Gripp, 1927) .
Original diagnosis (translated from Beurlen 1930: 373).-Protomunida is characterized by a smooth, triangular rostrum without teeth, and with two spines near its base. Shape of the carapace and ornamentation as in Galathea. Protomunida thus occupies a pronounced intermediate position between Galathea and Munida.
Emended diagnosis.-Carapace excluding rostrum longer than wide, subrectangular; with three-pronged rostrum, of which one major, moderately narrow, flattened spine on the axis and two smaller accessory spines; forwardly directed spine at outer orbital angle; row of spines or tubercles on epigastric regions; epibranchial regions with tubercles dorsally and spines laterally; other ornamentation oriented transversely; fairly smooth, non-depressed area posterior to cardiac region.
Remarks. -Beurlen (1930: 373) erected Protomunida with Protomunida munidoides (Segerberg, 1900) as the type species, but he also put Munida primaeva Segerberg, 1900, and Galathea spitzbergica Gripp, 1927 , in this genus, which was generally not followed by subsequent workers (e.g., Collins and Jakobsen 1994; Jakobsen and Collins 1997; Schweitzer and Feldmann 2000; De Angeli and Garassino 2002; Schweitzer et al. 2010; Robins 2013; Beschin et al. 2016; Klompmaker et al. 2016; Robin et al. 2017 ; but see Müller and Collins 1991 fig. 1D ; Damholt et al. 2010: 22) and Galathea spitzbergica (see below) in Protomunida again after 88 years based on the close similarity to the type species including the three-pronged rostrum, the spine on the outer orbital angle, the oblique ridge of tubercles on the epigastric regions, the overall ornamentation, the fairly smooth, non-depressed area posterior to the cardiac region, the tubercles on the epibranchial regions, and the overall groove pattern. We consider placement of Protomunida pentaspina Beschin, Busulini, and Tessier in Beschin et al., 2016 , in Protomunida (see Beschin et al. 2016) provisional because the rostrum is poorly preserved but is wider at the posterior part than in all other congenerics. Other characters match those of Protomunida, but also of many species of Eosadayoshia Beschin, Busulini, and Tessier in Beschin et al., 2016, and Sadayoshia Baba, 1969 . Whether ?P. pentaspina has more spines on the anterior carapace region than P. munidoides (see Beschin et al. 2016 ) cannot be fully confirmed. However, the posterior side of the lateral margin of ?P. pentaspina has more spines than that of P. munidoides. Differences include the cardiac region, which is rectangular in P. spitzbergica and ?P. pentaspina but more triangular in P. munidoides and P. primaeva, the epibranchial regions showing also ridges in addition to tubercles in P. munidoides and ?P. pentaspina, and the wider central rostral spine of P. spitzbergica with tubercles not seen in P. munidoides and P. primaeva. The cervical groove of P. primaeva is more V-shaped than the U-shaped groove in the other species. Given that Protomunida has barely been used since its erection in 1930 and many new genera now classified within the Munididae have been erected without proper comparison to Protomunida, a renewed comparison is warranted. Agononida Baba and de Saint Laurent, 1996 , has a very narrow central, needle-like rostral spine (rather than a flattened central projection) and spines around the meta-/urogastric regions not seen in Protomunida. Anoplonida de Saint Laurent, 1996, and Anomoeomunida Baba, 1993 , have smaller accessory rostral spines and epibranchial regions with transverse ridges rather than tubercles/spines. Babamunida Cabezas, Macpherson, and Machordom, 2008 , Cervimunida Benedict, 1902 , Crosnierita Macpherson, 1998 , Enriquea Baba, 2005 , and Raymunida Macpherson and Machordom, 2000 , have a narrow central, needle-like rostral spine. Austromunida Schweitzer and Feldmann, 2000 , has a much narrower central, needle-like rostral spine and no tubercles on the epibranchial regions, the latter of which also applies to Cretagalathea Garassino, de Angeli, Protomunida spitzbergica (Gripp, 1927) 1927 Galathea spitzbergica n. sp.; Gripp 1927 Gripp : 33, pl. 7.16,7.17. 1970 Galathea spitzbergica Gripp, 1927; Vonderbank 1970: 78, fig. 25c , pl. 6.1. 2013 Galathea spitzbergica Gripp, 1927; Robins 2013 : 38, fig. 8.5. 2016 Hryniewicz et al. 2016: fig. 12k .
Material.-Neotype, GPIBo 85, the sole speci men, available thus far, carapace, from the upper Paleocene, Fossildalen and locality 500 m west from Trigonometric point 25, Hollendarbukta, Spitsbergen, Svalbard.
Measurements.-L max (without rostrum) 5.1 mm; W max 4.6 mm.
Emended diagnosis.-Carapace ~10% longer than wide, widest at meso-metabranchial regions. Relatively wide central rostral spine at base with tubercles. Spines in oblique rows on epigastric regions, near orbital angle, and on anterior part lateral margin. Cardiac region rectangular, poorly delimited laterally, well delimited anteriorly and posteriorly. Epibranchial regions with tubercles. Area posterior to cardiac region without ornamentation, with two tiny elongated tubercles on either side of axis.
Description.-Carapace ~10% longer than wide (excluding rostral length), weakly convex longitudinally, moderately convex transversely, widest at meso-metabranchial regions. Rostrum triangular, flattened dorsally, with weak axial keel, tip and lateralmost parts not preserved, probably with spines adjacent to central rostral spine (Gripp 1927: 33, pl. 7: 17) . Orbits not exposed. Frontal margin incompletely preserved, with base of spine near outer orbital angle. Lateral margins moderately convex, rounded. Posterior margin moderately concave, with distinct rim. Epigastric regions with oblique row of bases of spines, followed posteriorly by parallel row of granules. Hepatic region small, depressed, with some tubercles. Proto-and mesogastric regions weakly differentiated, with transverse, interrupted ridges. Mesogastric region triangular with convex base and distinct tip. Epibranchial regions triangular, with tubercles dorsally and three bases of spines laterally. Uro-/metagastric region only delimited anteriorly and posteriorly, containing some transversely elongate tubercles. Confluent meso-metabranchial regions containing transverse ridges best connected laterally; lateral sides without spines except perhaps one near epibranchial regions. Cardiac region rectangular, poorly delimited laterally, well-delimited anteriorly and posteriorly by somewhat sinuous grooves. Area posterior to cardiac region without ornamentation, with two tiny elongate tubercles on either side of axis. Cervical groove distinct, widely U-shaped, curving more anterolaterally in lateralmost part. Lateral groove branching off base cervical groove sinuous. Specimen appears to preserve most of cuticle, partially absent from right epibranchial region. No muscle scars visible. Abdomen, venter, and appendages not preserved.
Remarks.-Since the holotype was destroyed during WWII, Vonderbank (1970) correctly designated a neotype for this species. He gave a five-page description of this species in his monograph. However, only the neotype is conspecific with the illustration of the lost holotype by Gripp (1927) . All other carapaces figured by Vonderbank (1970) and the specimen illustrated by Hägg (1925: pl. 6.28, 6 .28a) are part of a new species described below.
Placement in the Munididae is with little doubt. Munidids typically have spines directly adjacent to the central rostral spine (e.g., Macpherson 1994; Ahyong et al. 2010; Robins et al. 2012) , but this part is not preserved in the sole specimen. However, Gripp (1927: 33, pl. 7.17 ) did illustrate such adjacent spines and mentioned them in the text. The axial part of the rostrum in munidids is usually a narrow spine rather than a somewhat wider, more flattened surface, but there are some exceptions in munidids including Protomunida primeava (personal observation AAK), P. munidoides (see Jakobsen and Collins 1997) , and Juracrista spp. (see Robins et al. 2012) . Another character suggesting a munidid affinity are the spines interpreted to be present on the epigastric regions, lateral sides of the epibranchial regions, and at the outer orbital angle. This combination of spines is also seen in extant and other fossil munidids such as Munida, Agononida, Juracrista, Sadayoshia, and P. munidoides (e.g., Ahyong et al. 2010; Robins et al. 2012; Robins 2013 ; personal observation AAK for P. munidoides), although some galatheids (Lessinigalathea regalis De Angeli and Garassino, 2002, and Acanthogalathea spp. (De Angeli and Garassino, 2002 ) also exhibit these features.
Whether the ornamentation would look different without the cuticle (see examples in , for various examples and references therein, as well as Robins et al. 2016: 68-70) , is difficult to determine as only a minor portion of the cuticle appears gone, exposing the internal mold on the right epibranchial region. In general, however, it appears that differences are limited for galatheoids based on evidence thus far (De Angeli and Garassino 2002: pl. 4.2; Schweitzer and Feldmann 2008: fig. 2 ; Klompmaker et al. 2012: figs. 7, 10; Robins et al. 2013: figs. 10, 11; Nyborg and Garassino 2015: figs. 1, 2; Robins et al. 2016: figs. 3, 7, 8, 11, 12, 14) .
The neotype originates from locality 500 m west from Trigono metric point 25, Hollendarbukta, and not from Fossidalen, interpreted to be the seep and wood fall community of Gripp (1927) by Hryniewicz et al. (2016) . The same species was present at Fossildalen as well given the illustration of the lost holotype by Gripp (1927) . Diagnosis.-As for the type species by monotypy.
Remarks.-The new genus is placed within the Munididae based on a combination of tubercles and spines on the anterior carapace and its lateral margins, the trifid rostrum, and the (bases of) spines at the outer orbital angle. These characters are typical for most Munididae, but this combination of characters is not typical for other galatheoid families (Ahyong et al. 2010) . Valamunida Klompmaker and Robins gen. nov. is established on the basis of a combination of the tubercular ornamentation across the epibranchial and hepatic regions, more transversely elongate transverse ridges on the posterior carapace, an epigastric region with varied ornamentation, lack of a strong, forwardly-oriented spine on the mesogastric region, and a strongly depressed intestinal region posteriorly. Valamunida Klompmaker and Robins gen. nov. differs from all 25 known munidid genera. Tubercular ornamentation on the epibranchial and hepatic regions is uncommon in munidids and can only be found in the fossil genera Juracrista Protomunida Beurlen, 1930, whereas it is also present in modern Babamunida Cabezas, Macpherson, and Machordom, 2008 , Bathymunida Balss, 1914 , Hendersonida Cabezas and Macpherson, 2014 , Heteronida Baba and de Saint Laurent, 1996 , Paramunida Baba, 1988 , Plesionida Baba and de Saint Laurent, 1996 , and Tasmanida Ahyong, 2007 . All other genera do not exhibit these previously elaborated features and most of them also lack a strongly depressed posterior part of the intestinal region. From the leftover genera, Babamunida, Juracrista, and Protomunida exhibit only rows of tubercles/spines on the epigastric regions, lacking a much stronger spine. They also lack a strongly depressed posterior part of the intestinal region. Unlike the new genus, Bathymunida, Heteronida, and Tasmanida bear a strong mesogastric spine, as does the type species of Plesionida. Plesionida, Paramunida, and Hendersonida have a much more granular, spinose to tubercular posterior carapace than Valamunida Klompmaker and Robins gen. nov. with its transverse ridges. Paramunida and Hendersonida also lack the depression in the intestinal region.
Valamunida haeggi Klompmaker and Robins sp. nov. Figs. 21, 22. 1925 Galathea sp.; Hägg 1925 : 48, pl. 6.28a. 1970 Galathea spitzbergica Gripp, 1927 Vonderbank 1970: 78, fig. 25 [not 25c]; pl. 6.2-6.7. 2013 Galathea spitzbergica Gripp, 1927; Robins 2013: 38, fig. 8.4 . ZooBank LSID: urn:lsid:zoobank.org:act:798CF3CB-27FE-406E-BCFB-F26D76BBE2C9 Etymology: Named after Richard Hägg (1877 Hägg ( -1957 , who first figured specimens of this species. Type material: Holotype: NRM-PZ Ar68001A, partial carapace (Fig.  21A) . Paratypes: NRM-PZ Ar68001B (Fig. 22C) , NRM-PZ Ar68010 (Fig. 22B) , and NRM-PZ Ar68011 (Fig. 22A) Material.-Additional material from the upper Paleocene, Zachariassendalen, Spitsbergen, Svalbard: NRM-PZ Ar 68001C, external mold partial branchial region; NRM-PZ Ar 68006, external mold left side carapace; NRM-PZ Ar68007, part of meso-metabranchial and partial cardiac region; NRM-PZ Ar68016, left mid-part of carapace. Additional material from the upper Paleocene, locality 500 m west of Trigonometric point 25, Hollendarbukta, Spitsbergen, Svalbard: GPIBo 86, left part carapace (Vonderbank 1970: pl. 6 .2); GPIBo 87, right part carapace (Vonderbank 1970: pl. 6 .3); GPIBo 88, central part gastric region (Vonderbank 1970: pl. 6 .4); GPIBo 89, central part gastric region (Vonderbank 1970: pl. 6 .5); GPIBo 90, left meso-metabranchial region (Vonderbank 1970: pl. 6 .6); GPIBo 91, anterior part gastric region and partial rostrum (Vonderbank 1970: pl. 6 .7). of large spine; lateral margins spined at epibranchial (3 bases of spines) and anterior of meta-mesobranchial regions (at least 1 base of spine). Grooves deeply incised; cervical and postcervical groove wide. Gastric region elevated slightly above frontal margin, well-defined, with pronounced mesogastric, protogastric, and epigastric divisions. Epigastric regions with two strong spines surrounded by randomly oriented tubercles posteriorly and laterally, small tubercles form oblique rows anterior to spines (Fig. 22D 2 ) . Protogastric areas with transverse ridges, may bear few spines/tubercles. Hepatic and epibranchial regions slightly inflated, ornamented with tubercles. Mesogastric region triangular with transverse ridges, mesogastric process may bear tubercles. Meta-/urogastric region wider than long, not delimited laterally, with interrupted transverse ridges. Cardiac region elevated above remainder of carapace, wider than long, with transverse ridges; anterior margin with straight strong groove, rest delimited by concave forward groove that may be straight posteriorly. Mesometabranchial region confluent, with transverse ridges that can be interrupted in large specimens. Intestinal area smooth to weakly ornamented, deeply depressed near posterior margin. Posterior margin rimmed, concave, with ridges anterior to it. Cuticle variably present. Articulated appendages, venter, and abdomen not known.
Remarks.-It is possible that Gripp (1927) also studied some specimens conspecific with this species, as he studied four specimens, one of which is Protomunida spitzbergica (see above). The great majority of galatheoid carapaces from the upper Paleocene of Spitsbergen we have seen can be ascribed to the new species.
The marked depression at the anterior part of the intestinal region cannot be explained by post-mortem processes because we have observed this depression in four specimens across a size range. Ontogenetic variation is evident: (i) the largest specimen (holotype) shows more interrupted ridges at the meso-metabranchial regions than smaller specimens, (ii) smaller specimens appear more vaulted transversely, and (iii) the cardiac region appears more swollen in the largest specimen (= holotype). Intraspecific variation is also observed: some of the specimens bear tubercles laterally to the base of the mesogastric process and the there is some variation in the precise course and strength of transverse ridges, not attributable to ontogeny.
As mentioned for the previous species, the presence of cuticle does not seem to affect the presence and strength of ornamentation much for galatheoids. The cuticle is variably present on multiple specimens of the new species and provides an opportunity to evaluate its effect on appearance for this taxon. Upon examination of the specimens, the presence of cuticle indeed does not seem to affect the strength of the ornamentation for each of the figured specimens. The cuticle in the groove branching off the cervical groove of NRM-PZ Ar68010 appears, however, somewhat thicker in the deepest part of the groove (Fig. 22B 4 ) . The groove is still present with cuticle preserved, but may be somewhat shallower with cuticle, as previously shown for a raninoid crab (Schweitzer et al. 2009: fig. 8 ).
Stratigraphic and geographic range.-Upper Paleocene cold seep carbonates from the Basilika Formation, Zacha riassendalen and locality 500 m west of Trigonometric point 25, Hollendarbukta, and Fossildalen, Spitsbergen, Svalbard.
Munididae indet. Remarks. -Gripp (1927) and Vonderbank (1970) Material.-NRM-PZ P16479a-e, one complete and one fragmented tooth and three partly fragmented vertebra from the upper Paleocene of Zachariassendalen, Spitsbergen, Svalbard.
Description.-Complete tooth shows translucent cap at apex. Both teeth small, ~1 mm and 2 mm; strongly posteriorly recurved and laterally compressed. Outer surfaces bear very fine longitudinal striations. Both teeth with expanded area of spongy bone at base that marks jaw attachment. Vertebra small, similarly-sized to teeth.
Remarks.-The teleost material reported here represents the second finding of actinopterygian fish from the Cenozoic of Spitsbergen. The first actinopterygian was described as a fossil bowfin, Pseudamia heintzi, by Lehman (1951) . According to Thomsen (2013) , the specimen was discovered at Cap Dresselhuys, implying that it derives from the late Paleocene (Thanetian) Grumantbyen Formation (Dallmann 2015) , which overlies the Basilika Formation. Both bowfin (Amia sp.) and scombroid teleost teeth assigned to Eutrichiurides have been described from the Eocene Eureka Sound Formation on Banks Island in the Canadian High Arctic by Gottfried and Eberle (2018) . In addition to its presence in the High Arctic, scombroid teeth are known from many Paleogene localities in Europe, Africa, India, and the USA (Gottfried and Eberle 2018).
Discussion
Composition of the fauna.-The late Paleocene fauna from chemosynthesis-based ecosystems of the Basilika Formation is sandwiched between two important biotic events, i.e., Cretaceous/Paleogene (K/Pg) mass extinction (e.g., Alvarez et al. 1980; Schulte et al. 2010) , and the extinction associated with the Paleocene/Eocene Thermal Maximum (e.g., Zachos et al. 2015) . In the following section, the fauna is subdivided by genus according to their geological ranges relative to the K/Pg and Paleocene/Eocene boundaries. Only species assigned to the genera with certainty are considered. We have also included Conchocele, described previously , into the discussion. The first group comprises genera going back at least to the Late Cretaceous and continuing after the Paleocene ( Fig. 25) . It comprises all protobranch bivalves: Solemya (Carboniferous-Recent; Pojeta 1988), Neilonella, and Yoldiella (Cretaceous-Recent; Heinberg 1989). The thyasirid bivalve Conchocele is a long-ranging genus, associated predominantly with hydrocarbon seeps, ranging at least from the latest Cretaceous (Maastrichtian) to the Recent . The oldest species of Aporrhais are reported from the Late Cretaceous (e.g., Saul 1998) and range until modern times. The ampullinid gastropod Globularia is known already from the Jurassic, but thrives also in the early Cenozoic, declining gradually towards its end along with the entire family Ampullinidae, represented today by a single species (Kase and Ishikawa 2003) . The genera in this group are found in both shallow and deep waters (Coan et al. 2000) . As the deep sea is more stable over long periods of time, and was also shown to be largely immune to extinctions affecting shallow waters (Kiel and Little 2006; Thuy et al. 2012 Thuy et al. , 2014 , we speculate that this group was either unaffected by the K/Pg extinction or affected only to some degree. Chemosymbiosis could be a factor enhancing the survival of taxa during disturbances of the photosynthetic food chain (Hautmann and Nützel 2005) , such as during the K/Pg mass extinction.
The second group comprises genera known from the Mesozoic, but apparently disappearing shortly after the Paleocene. All of these taxa have their last known occurrence in the Basilika Formation (Fig. 25) . This group comprises the terebratulide brachiopod Neolithyrina (Late Cretaceous-Paleocene), the mytilid bivalve Inoperna (Triassic?-Paleocene), the wood-boring bivalve Xylophagella (Early Cretaceous-Paleocene), and the gastropod Ellipsoscapha (Campanian-Paleocene). The phenomenon of genera (or rather clades) surviving mass extinctions only to go exinct shortly thereafter has been discussed previously (e.g., Jablonski 2002; Kaim and Nützel 2011) , also for the Paleocene (Maricovich 1993; Amano et al. 2018a ), but not for the genera mentioned herein.
The third group comprises genera that appear in the Cenozoic for the first time (Fig. 25) . This group comprises the thyasirid bivalve Rhacothyas (Paleocene-Recent), the hiatellid bivalve Cyrtodaria (Paleocene-Recent) and the munidid decapod crustaceans Protomunida (Danian-Ypresian) and Valamunida (late Paleocene). Recent Rhacothyas has only been described from the methane seep off western Svalvard by Åström et al. (2017) . This study provides the first fossil occurrence of Rhacothyas. This could indicate that the genus evolved during the Paleocene. However, it is equally likely that Rhacothyas has a pre-Paleocene origin, because it is difficult to evaluate the duration of taxa based on fossil occurrences alone (Signor and Lipps 1982) , especially in patchy environments such as seeps. The fossil record of thyasirid bivalves during the Mesozoic is far from being understood , and there are Cretaceous thyasirid bivalves at seeps that could shed additional light on the evolutionary history of the group during that period (e.g., Nobuhara et al. 2008) . The hiatel- lid Cyrtodaria has been reported from shallow water in the Arctic area since the Paleocene (e.g., Strauch 1972; Marincovich and Zinsmeister 1991; Marincovich 1993) . The appearance of Rhacothyas and Cyrtodaria in the Basilika Formation coincides with cold climatic conditions in the Arctic (e.g., Tripati et al. 2001; Spielhagen and Tripati 2009 ), preferred by the extant representatives of both genera (Nesis 1965; Strauch 1972; Símonarson 1974; Åström et al. 2017) . Congenerics of Protomunida spitzbergica have been found only in shallow-and deep-water coral-associated reef deposits thus far (e.g., Segerberg 1900; Jakobsen and Collins 1997; Beschin et al. 2016; Klompmaker et al. 2016) . Valamunida is only known from the Basilika Formation.
Paleoecological considerations.-The sediments of the Basilika Formation were deposited in a shallow-water prodeltaic setting (e.g., Major and Nagy 1972) , in a semi-enclosed marine embayment surrounded by emergent land masses (Nøttvedt 1985) . The water column was possibly stratified (Nagy et al. 2000) with sub-freezing temperatures possibly affecting the basin periodically (Spielhagen and Tripati 2009 ). The associated seep fauna is structured according to the shallow, cold-water environment it lived in, with a high diversity of background species normal for that time (cf. Dando 2010; Kiel 2010a; Hryniewicz et al. 2016) . Infaunal bivalve species are both more diverse and more abundant than epifaunal bivalve species, suggesting a soft-bottom environment with few hard substrates for attachment. The infaunal chemosymbiotic thyasirid Conchocele conradii and Rhacothyas spitzbergensis were likely attracted by the presence of sulfide within the sediment. Sulfide is utilized by extant representatives of Conchocele living in symbiosis with sulfide-oxidizing bacteria (Kharlamenko et al. 2016) , and is abundant at sites populated by Recent congeners of both thyasirid species (Kharlamenko et al. 2016; Åström et al. 2016) . Sulfide can form in marine sediments by microbially mediated anaerobic oxidation of methane above methane seeps (Boetius et al. 2000) . This process was likely taking place at Fossildalen and Zachariassendalen, as shown by the lipid biomarker PMI, indicative of the presence of methanotrophic archaea, and the highly depleted carbonate carbon isotope signatures (Hryniewicz et al. 2016, and herein) . Therefore, it is likely that the infaunal chemosymbiotic thyasirid bivalves in Fossildalen and Zachariassendalen were at least in part attracted by sulfide accumulating in the sediment above shallow-water methane seeps. Sulfide can also form in marine sediments due to the decomposition of sunken wood or, more generally, the decomposition of terrestrial plants (McLeod et al. 2010) . During the decomposition of solid wood, sulfide accumulates chiefly inside the wood rather than in its surroundings (Kalenitchenko et al. 2018) . However, if the driftwood that sunk to the seabed was infested by xylophagain bivalves, their fecal pellets may have accumulated in the wood's surroundings on the sediment surface, impeding gas exchange between marine and pore waters and resulting in sulfide accumulation within the sediment (Turner 2002; Kiel and Goedert 2006; Kiel 2008) . As the xylophagain bivalve Xylophagella littlei was living in wood falls at the bottom of the Svalbard embayment during the Paleocene, sulfide-rich conditions could have also developed in the sediments covered with plant litter unrelated to methane seepage. This may have implications for the faunal dispersal between wood falls, methane seeps, and other chemosynthesis-based ecosystems during the Late Cretaceous and Paleocene. Shallow-water wood falls and methane seeps forming in direct proximity, such as the Paleocene methane seeps and wood fall environments from Spitsbergen or their Mesozoic predecessors, could have acted as "evolutionary stepping stones" (cf. Distel et al. 2000; Lorion et al. 2010) , allowing faunal exchange between both environments. Indeed, during the Late Cretaceous, the same species characterized deep-sea cold seeps, vertebrate falls and wood falls (Kaim et al. 2008; Kiel et al. 2009; Jenkins et al. 2017) , which suggests some faunal exchange between seeps, wood falls, and vertebrate falls was occurring also during the Late Cretaceous. A possible reason for increased faunal similarity between marine chemosynthesis-based ecosystems during the Late Cretaceous are low marine sulphate levels and the related lower intensities of sulphate reduction (Kiel 2015) , which has effectively made seeps low sulfide environments comparable to wood and vertebrate falls. We suggest a similar scenario was likely for the Paleocene.
Evolutionary considerations.-The Paleogene was an important time for evolution of seep faunas, witnessing the emergence of vesicomyid clams and bathymodiolin mussels, both of which are key components of extant seep faunas (e.g., Amano and Kiel 2007; Krylova and Sahling 2010; Taylor and Glover 2010; Kiel and Amano 2013) . Their appearance in the middle Eocene, as far as we know, was rather sudden and has traditionally been attributed to either paleoceanographic disturbances associated with the Paleocene/Eocene Thermal Maximum (Vrijenhoek 2013) or to the rise of marine sulphate levels and the concomitant development of high sulfidic niches at seeps (Kiel 2015) . In addition to the appearance of new groups, the Paleogene was a time of more gradual restructuring of groups already populating seeps. Many shallow-and deep-water lucinid genera present in Mesozoic seeps disappeared during the Paleogene, while new ones emerged (Kiel 2010b (Kiel , 2013 Natalicchio et al. 2015) . In addition, thyasirid faunas composed of Conchocele proliferated . The reason for this broad scale Paleogene restructuring of seep faunas remains unclear. The late Paleocene seep fauna from the Basilika Formation, due to its age and the rarity of Paleocene seep faunas (cf. Schwartz et al. 2003; Kiel 2013; Blouet et al. 2017) , could shed more light on the Paleogene history of chemosynthesis-based ecosystems. However, the overall shallow-water character of this fauna does not make it directly comparable to the evolutionarily more meaningful deep-water seep faunas (e.g., Kiel and Little 2006; Kiel 2010a; Kiel et al. 2012; Vrijenhoek 2013 ). The present fauna lacks vesicomyid clams and bathymodiolin mussels, consistent with the post-Paleocene emergence of these chemosymbiotic bivalves (Amano and Kiel 2007; Kiel and Amano 2013) . The fauna also does not include any lucinid bivalves. The present assemblage does, however, contain large numbers of the thyasirid bivalves Conchocele conradii and Rhacothyas spitzbergensis. The accumulation of Conchocele together with the absence of vesicomyid clams and bathymodiolin mussels resembles a fauna in the Maastrichtian seeps of James Ross Basin, Antarctica (Little et al. 2015) , although this Antarctic fauna contains some lucinids. There are some other Late Cretaceous seep faunas dominated by thyasirids, such as the CampanianMaastrichtian Sada Limestone seep deposit of Shikoku, Japan (Nobuhara et al. 2008 (Nobuhara et al. , 2016 . We speculate that there may be trend towards a broader distribution of thyasirid bivalves at seeps during the latest Cretaceous-early Paleogene interval, perhaps aided by the presence of less sulfidic seeps (Kiel 2015; Hryniewicz et al. 2017) . If so, Paleocene seep faunas are a continuation of their Late Cretaceous predecessors, and dissimilar from younger Cenozoic seep faunas.
Conclusions
This paper presents a systematic study of Paleocene invertebrate fauna from methane seep and wood fall marine environments in Spitsbergen, Svalbard. The fauna comprises 22 taxa, and is composed predominantly of shallow, coldwater taxa, including some Cretaceous survivor genera such as the brachiopod Neoliothyrina and the bivalves Inoperna and Xylophagella. This Paleocene methane seep and sunken wood fauna from Spitsbergen is of shallow-water character and lived in mutual proximity on a bottom of a marine embayment. The overlap of both seep and sunken wood environments suggests that faunas of both environments could have mutually interchanged in the shallow-water setting some time during the Paleocene and perhaps earlier, which is partially reflected in some older chemosynthesis-based environments known. We did not find any evidence for Paleocene or earlier origins of vesicomyid clams and bathymodiolin mussels so we speculate that Paleocene seep faunas were more reminiscent of their Cretaceous counterparts.
